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MULTI-DOMAIN U QUID CRYST AL DISPLAY AND A THIN FILM ^ 
TRANSISTOR ST IRSTR ATF OFTHE SAME 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

5 The present invention relates to a liquid crystal display, and in 

particular, vertically-aligned liquid crystal display having a pixel region 
including a plurality of domains for wide viewing angle. 

(b) Description of the Related Art 

A typical liquid crystal display (LCD) includes an upper panel provided 

10 with a common electrode and an array of color filters, a lower panel provided 

with a plurality of thin film transistors (TFTs) and a plurality of pixel electrodes, 
and a liquid crysted layer is interposed therebetween. The pixel electrodes and 
the common electrode are applied with electric voltages and the voltage 
difference therebetween causes electric field. The variation of the electric field 

15 ch£uiges the orientations of liquid crystal molecules in the liquid crystal layer and 

thus the transmittance of light passing through the liquid crystal layer. As a 
result, the LCD displays desired images by adjusting the voltage difference 
between the pixel electrodes and the common electrode. 

The LCD has a major disadvantage of its narrow viewing angle, and 

20 several techniques for increasing the viewing angle have been developed. 

Among these techniques, the provision of a plurality of cutouts or a plurality of 
projections on the pixel electrodes and the common electrode opposite each other 
along with the vertical alignment of the liquid crystal molecules with respect to 
the upper and the lower pztnels is promising. 

25 The cutouts provided both at the pixel electrodes and the common 

electrode give wide viewing angle by generating fringe field to adjust the tilt 
directions of the liquid crystal molecules. 

The provision of the projections both on the pixel electrode and the 
common electrode distorts the electric field to adjust the tilt directions of the 

30 liquid crystal molecules. 
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Hie fringe field for adjusting the tilt directions of the liquid ciystal 
molecules to form a plurality of domains is also obtained by providing the 
cutouts at tlie pixel electrodes on the lower panel and the projections on the 
common electrode on the upper panel. 
5 Among these techniques for widening tlie viewing angle, the provision 

of the cutouts has problems that an additional mask for patterning tiie common 
electrode is required, an overcoat is required for preventmg tlie effect of the 
pigments of tiie color filters on the liquid crystal material, and severe disclination 
is generated near the edges of die patterned electrode. The provision of the 
10 projections also has a problem that the manufacturing metihod is complicated 

since it is required an additional process step for forming the projections or a 
modification of a process step. Moreover, the aperture ratio is reduced due to 
the projections and the cutouts. 

SUMMARY OF THE INTVENTION 

15 It is a motivation of the present invention to provide a liquid crystal 

display manufactured by simple process and ensuring stable multi-domains. 

Tliese and other motivation may be achieved by providing a pixel tliin 
film ti-ansistor for a pixel electrode and a direction-conbol-electi-ode tiim film 
transistor for a direction control electrode. The pixel thin film transistor 

20 transmits signals from a data line and the direction-contiol-electrode tiiin film 

transistor transmits signals from a storage electrode wire. 

A ttiin film ti-ansistor array panel is provided, which includes: an 
insulating substrate; a plurality of first signal lines formed on tlie insulating 
substrate; a plurality of second signal lines formed on the insulating substrate, 

25 insulated from the first signal lines, and intersecting the first signal lines; a 

plurality of third signal lines formed on tlie itistilating substrate, insulated from 
the second signal lines, and intersecting the second signal lines; a pliu-ality of 
pixel electrodes provided on respective pixel areas defined by the intersections of 
tlie fiist and tlie second signal lines, each pixel electrode having a cutout; a 

30 plturality of direction control electrodes provided on the respective pixel areas 

defined by the intersectiorvs of the first and tlie second signal lines; a plurality of 



wo 03/096114 



PCT/KR02/01392 



first thin film transistors, eadi first thin film transistor connected to one of tlie 
first signed lines, one of the second signal lines, and one of the pixel electrodes; 
and a pltiralit)' of second tliin film ti-ansistors, each second thin film ti*ansistor 
connected to one of tlie first signal lines, one of flie thiid signal lines, and one of 
5 the direction contiol electrodes. 

Preferably, one of the ^ first |ljun film transistors and one of tlie second 
tl-iin film transistor located on one of the pixel areas are connected to a relevant 
one of title first signal lines and a previous one of the first signal lines. 

A tliin film ti'ansistor array panel is provided, which includes: an 

1 0 insulating substrate; a gate w^ire formed on tlie insulating substrate and including 

first and second gate electrodes and a plurality of gate lines; a storage electrode 
wire fomied on the insulating subsbate and including a plurality of storage 
electrode lines and a plurality of storage electrodes; a gate insulating layer 
formed on the gate wire and the storage electrode wire; a semiconductor layer 

15 formed on the gate insulating layer; a data wire formed on the semiconductor 

layer and including a plurality of data lines intersecting the gate lines, a plurality 
of first source electi'odes connected to tlie data lines, a plurality of first drain 
electrodes opposite tiie first source electi-odes witli respect to tlie first gate 
electrodes, a plurality of second source electi-odes electiically comiected to the 

20 storage electrode wire, and a plurality of second drain electrodes opposite the 

second source electi'odes with respect to the second gate electrodes; a direction 
control electrode connected to the second drain electrode; a passivation layer 
formed on tlie data wu-e and the direction control electrode and having a 
plurality of contact holes; and a pixel electrode formed on tlie passivation layer, 

25 having a plurality of cutouts, and electrically connected to the first drain 

electrodes through the contact holes. 

The direction control electrode overlaps the cutouts of the pixel 
electrode at least in part. The cutouts of the pixel electrode may have a plurality 
of X-shaped cutouts and a pltu-ality of rectilinear cutouts and tfie direction 

30 control electrode preferably overlaps tlie X-sIiaped cutouts. The semiconductor 

layer preferably includes a pluralitj'- of data portions disposed under, the data 
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lines, a pluraKty of first channel portions disposed under tlie first sotu"ce 
electrodes and tlie first drain electrodes, and a plurality of second channel 
portions disposed under the second source electrodes and tlie second drain 
electrodes. The thiii fihn ti*ansistor ai-ray panel may further include a plturality 
5 of connecting members formed on the passivation layer and connecting the 

second source electrodes and, the storage electrode wire through contact holes 
provided at tiie passivation layer and the gate insulating layer. The direction 
control electrode preferably includes substantially the same layer and material as 
die data wire. 

1 0 A liquid ciystal displaj?^ is provided, which includes: a first insulating 

substrate; a plurality of first signal lines formed on the first insulating substrate; a 
plurality of second signal lines formed on the first insulating substrate, insulated 
from the first signed lines, and intersecting the first sigiial lines; a plurality of 
third signal lines formed on the first insulating substrate, insulated from the 

15 second signal lines, and intersecting tlie second signed, lines; a plurality of pixel 

electi'odes provided on tlie respective pixel areas defined by tlie intersections of 
the first and tlie second signal lines, each pixel electrode having a cutout; a 
plurality of direction conti'ol electi'odes provided on the respective pixel areas 
defined by die intersections of the first and the second signal lines; a plurality of 

20 switching elements, each first switcliing element connected to one of the first 

signal lines, one of die second signal lines, and one of tiie pixel electrodes; a 
plurality of second thin film transistors, each second switching element 
cormected to one of the first signal lines, one of the fliird signal Unes, and one of 
die direction control electrodes; a second insulating substrate opposite the first 

25 insulting substrate; a common electrode formed on the second insulating 

substrate; and a liquid crystal layer interposed between die first insulating 
substrate and die second insulating substrate. 

The third signal lines are preferabty supplied with a voltage to be 
applied to die common electrode. The liqxxid crystal layer has negative 

30 dielectric anisotropy and major axes of liquid crystal molecules in the liquid 

crystal layer are aligned vertical to die first and die second substrates. 
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Otherwise, tlie liquid crystal layer has positive dielectric anisotropy and major 
axes of liquid crystal molecules iii the liquid crystal layer are aligned parallel to 
flie first and the second substrates. 

A tliin film transistor array pfmel is provided, which includes: cui 
5 insulating substrate; a gate wire formed on the insulating substrate; a storage 

electrode wire formed on the msulating substrate; a gate insulating layer formed 
on the gate wire and the storage electrode wire; a data wire formed on the gate 
insulating layer including three layers an amorphous silicon layer, a doped 
amorphous silicon layer, and a metal layer; a direction control electrode formed 

1 0 on the gate instilating layer, including tiiree layers an amorphous silicon layer, a 

doped amorphous silicon layer, and a metal layer, and electrically connected to 
the second drain electrode; a passivation layer fonned on the data wire and the 
direction control electrode and having a plurality of contact holes; suid a pixel 
electrode formed on tiie passivation layer, havmg a plurality of cutouts, and 

J 5 electrically connected to the data wire through the contact holes. 

It is preferable that the gate wire comprises first and second gate 
electrodes, tlie data wii-e comprises first and second source electrodes and first 
and second drain elecb'odes, tlie direction conti'ol electrode is connected to tlie 
second drain electrode, tlie pixel electa'ode is comiected to tlie first drain electrode, 

20 and the second source electrode is comiected to the storage electrode wiie. The 

thin film transistor array panel may include a connecting member formed on die 
passivation layer and connecting die second source electrode and die storage 
electrode wire through a contact hole provided at flie passivation layer and flie 
gate insulating layer. 

25 A method of manufactui±ig a thin film transistor array panel is 

provided, which includes: forming a gate wire and a storage electrode wire; 
depositing a gate insulating layer, an amorphous silicon layer, a contact layer, 
and a metal layer; patterning the metal layer, the contact layer, and tihe metal 
layer to form a data wire, a direction control electrode, and a channel portion of a 

30 thin film transistor; forming a passivation la^^er on the channel portion; and 

forming a pixel elech'ode and a connecting portion on die passivation layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an equivalent circuit diagi'am of an LCD according to an 
embodiment of \he present invention; 

Fig. 2A is a layout view of a TFT array panel for an LCD according to a 
5 first embodiment of the present invention; 

Figs. 2B and 2C are sectional views of the TFT array panel shown in Fig. 
2A taken along the lines Ilb-IIb' and IIc-IIc', respectively; 

Figs. 3A to 3D are sectional views of a TFT aiTay panel for an LCD 
sequentially illustrating a manufacturing method tliereof according to a first 
1 0 embodiment of the present invention; 

Fig. 4 is a layout view of a TFT aiTay panel for ai\ LCD according to a 
second embodiment of the present invention; 

Fig. 5 is a sectional view of the TFT array panel shown in Fig. 4 taken 
along the lines V-V and V'-V"; 
15 Figs. 6 A to 11 B are layout views and sectional views of a TFT array 

panel for an LCD sequentially illustrating a manufacturing method thereof 
according to a second embodiment of tlie present invention; 

Fig. 12 is a schematic diagram of TFT array panels for an LCD according 
to first and second embodunents of flie present invention; and 
20 Fig. 13 is a picture image on an LCD according to an embodiment of the 

present invention. 

nFT AILED DESCRIPTION OF PREFERRED PMBODIMENTS 
The present invention now will be described more fully hereinafter with 
reference to tiie accompanying drawings, in which preferred embodiments of the 
25 inventions invention are shown. The present invention may, however, be 

embodied in many different forms and should not be construed as limited to the 
embodiments set f ortii herein. 

In die drawings, the thickness of layers and regions are exaggerated for 
clarity. Like numerals refer to like elements flu-oughout. It will be mndei-stood 
30 that when an element such as a layer, region or substi-ate is referred to as being 

"on" another element, it can be directly on the other element or intervening 
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elements may also be present. In contrast, when an element is referred to as 
being "'directly on" another element, there are no intervening elements present. 

Now, LCDs according to embodiments of this invention will be 
described in detail widi reference to tiie accompanying drawings. 
5 Fig. 1 is an equivalent circuit diagram of an LCD according to an 

embodiment of the present invention. 

An LCD according to an embodiment of die present invention includes 
a TFT array panel, a color filter array panel opposite the TFT array panel, and a 
liquid crystal layer interposed tiierebetween. The TFT array panel is provided 

1 0 with a plurality of gate lines and a plurality of data lines intersectiiig each other 

to define a plurality of pixel areas, and a plm-ality of storage electrode lines 
extendmg parallel to^ the gate lines. The gate lines transmit scanning signals and 
the data lines transmit image sigi-ials. A common voltage Vcom is applied to the 
storage electrode Imes. Each pixel area is provided with a pixel TFT for a pixel 

15 electrode and a direction-conti"ol-electi'ode TFT DCETFT for a direction control 

electi'ode ("DCE'''). Tlie pixel TFT includes a gate electi*ode connected to one of 
tlie gate lines, a source electi'ode connected to one of tlie data luies, and a drain 
electi'ode connected to one of a plmality of pixel electi'odes, while the DCE TFT 
includes a gate electrode connected to a previous gate line, a source electrode 

20 connected to one of the storage electrode lines, and a drain electrode comiected to 

one of a plurality of direction control electrodes. 

The DCE and the pixel electrode are capacitively coupled, and the 
capacitor tiierebetween or its capacitance is represented by Cdp. The pixel 
electrode and a common electrode provided on the color filter array panel fomi a 

25 liquid crjj^stal capacitor, and the liquid crystal capacitor or its capacitance is 

represented by Clc. The pixel electrode and a storage electrode connected to 
one of the storage electrode lines form a storage capacitor, and the storage 
capacitor or its capacitance is represented by Cst. 

Although it is not shown in die circuit diagram, tlie pixel electrode 

30 according to an embodiment of the present invention has an aperture 

overlapping die DCE such that tine electric field due to the DCE flows out 
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thi'ough tlie aperture. Hie electric field flowing out tlirough tlie aperture makes 
tlie liquid crystal molecules have pretilt angles. The pretilted liquid crystal 
molecules are rapidly aligned witliout dispersion along predetermined directions 
upon tlie application of the electric field due to tlie pixel electrode. 
5 In order to obtain the pretilted liquid crystal molecules using tlie electric 

field generated by tlie DCE, tlie potential of the DCE relative to the potential of 
the common electrode (referred to as the "DCE voltage" hereinafter) is larger 
than the potential of the pixel electrode relative to the potential of the common 
electrode (referred to as title "pixel voltage" hereinafter) by a predetermined 
10 value. The LCD according to an embodiment of the present invention easily 

satisfies this requii-ement by isolating the DCE after appl5dng tlie potential 
applied to the storage electrode lines to the DCE. The reason will be described 
now. 

Consider a moment that a given pixel electrode having a negative 
15 potential is refreshed by a positive potential. The application of a gate-on signal 

to tlie previous gate line turns on the DCE TFT to make the DCE have a potential 
higher tlian tlie pixel electi'ode. This changes tlie potential of tlie pixel electt'cde 
capacitively covipled widi tlie DCE. In tiliis case, tlie capacitor Cdp between tlie 
DCE and tlie pixel electi'ode and tlie capacitor Clc between tiie pixel electi'ode 
20 and the common electi'ode are comiected in series. Since tlie pixel electa'ode had 

the negative potential, its potential is lower than that of tiie DCE, i.e.. Voce > Vp 
diuing the cliai'ging of the serially-connected capacitors Cdp and Clc. When the 
DCE TFT is turned off after charging, the DCE floats. Accordingly, the potential 
of the DCE is always larger than the potential of the pixel electrode irrespective 
25 of the potential change of the pixel electrode. For example, when tlie potential 

of the pixel electrode is inoreased to a positive value when the pixel TFT is turned 
on, the potential of the DCE follows the potential increase of the pixel electrode 
in order to maintain tihe potential difference between the DCE and tilie pixel 
electrode. 

30 Tliis is described in terms of an electi'ical circuit. 

A voltage across a capacitor in an electrical circuit is given by: 
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Vc = Vo+^{id(t) 



(1) 



A floating electrode is eqmvalent to an electrode connected to a resistor 
having infinite resistance (R=oo). Tlierefore, i=0 and V_c=V_0, that is, the initial 
voltage across the capacitor is maintained. In other words, the potential of a 
5 floating electrode increases or decreases coupled witli the potential of the other 

electrode. 

On tiie conti-ary, when refreshing with a negative potential, the potential 
of tlie DCE is always lower than the potential of tiie pixel electrode by a 
predetermined value. 

1 0 According to an embodiment of tlie present iiivention, the DCE TFT is 

connected to tlie storage electi'ode lines such that the common voltage is applied 
to the DCE. Hence, die potentials of the two electrodes increases or decreases to 
have substantially tlie same polarity irrespective of tlie polaiity of the potential 
applied to liie pixel electrode in tlie next frame. As a result, the present 
1 5 invention is applied any inversion type such as line inversion and dot inversion. 

For tiie same gray, tliere is no variation of tlie potential difference 
between die DCE and the pixel electrode irrespective of die grays of previous 
and next frames, thereby ensuring stability of image quality. 

The disconnection of flie DCE TFTs from die data lines prevents the 
20 increase of tlie load of die data lines. 

Now, a detailed embodiment of die present invention is described with 
reference to Figs. 2A to 2C. 

Fig. 2A is a layout view of an LCD according to an embodiment of the 
present invention, and Figs. 2B and 2C ai'e sectional views of die LCD shown in 
25 Fig. 2A taken along the lines IIB-IIB'. 

An LCD according to a first embodiment of the present invention 
includes a lower panel, an upper panel facing the lower panel, and a vertically 
(or liomeotropically) aligned liquid crystal layer interposed between the lower 
panel and die upper panel. 
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The lower pcuiel will now be described more in detail. 
A plurality of gate lines 121 are forraed on an insulating substrate 110 
and a plurality of data lines 171 are formed thereon. The gate ILiies 121 and the 
data lines 171 are insulated from each other and intersect each other to define a 
5 plurality of pixel areas. 

Each pixel area is provided witli a pixel TFT, a DCE TFT, a DCE and a 
pixel electrode. The pixel TFT has three teiininals, a first gate electrode 123a, a 
first source electrode 173a and a first drain electrode 175a while the DCE TFT has 
tliree terminals, a second gate electrode 123b, a second source electrode 173b and 

10 a second drain electrode 175b. The pixel TFT is provided for switching tlie 

signals transmitted to the pixel electrode 190 while the DCE TFT is provided for 
switching the signals entering the DCE 176. The gate electrode 123a, the source 
electrode 173a and the drain electrode 175 of the pixel TFT are connected to 
corresponding one of tihe gate lines 121, one of tlie data lines 171 and the pixel 

15 electrode 190, respectively. The gate electrode 123b, the source electrode 173b 

and tlie drain electi'ode 175b of the DCE TFT are comiected to previous one of die 
gate lines 121, corresponding one of the storage electrode lines 131 and the DCE 
176, respectively. Tlie DCE 176 is applied with a direction-conti'olling voltage 
for controlling the pre-tilts of tlie Uquid crystal molecules to generate a direction- 

20 controlling electi'ic field between the DCE 176 and tlie common electi'ode 270. 

The DCE 176 is formed in a step for forming the data lines 171. 

The layered structure of the lower panel will be described in detedl. 
A plurality of gate lines 121 extending substantially in a transverse 
direction are formed on an insulating substi-ate 110, and a plurality of first and 

25 second gate electi'odes 123a and 123b are connected to the gate lines 121. A 

plurality of storage electrode lines 131 and a plurality of sets of first to fourth 
storage electrodes 133a-133d are also formed on liie insulating substrate 110. 
The storage electrode lines 131 extend substantially in the transverse dh*ection, 
and the first and the second storage electrodes 133a and 133b extend fi-om tlie 

30 storage electrode hue 131 in a longitudinal direction. Tlie tliird and tlie fourth 
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storage elecbodes 133c and 133d extend in Mie transverse direction and connect 
the first storage electi'ode 133a and tlie second storage electrode 133b. 

The gate wire 121, 123a and 123b and the storage electrode wire 131 and 
133a-133d are preferably made of Al, Cr or their alloys. Mo or Mo alloy. If 
5 necessary, the gate wire 121, 123a and 123b and the storage electrode wire 131 

and 133a-133d include a first layer preferably made of Cr or Mo edloys havmg 
excellent physical and chemical characteristics £md a second layer preferably 
made of Al or Ag alloys having low resistivity. 

A gate insulating layer 140 is formed on the gate wire 121, 123a and 
1 0 123b and the storage electrode wire 131 and 133a-133d. 

A semiconductor layer 151a, 151b, 153 and 155 preferably made of 
amorphous silicon is formed on the gate insulathig layer 140. The 
semiconductor layer 151a, 151b, 153 £uid 155 includes a plurality of first and 
second channel semiconductors 151a and 151b forming chamiels of TFTs, a 
1 5 plurality of data-line semiconductors 153 located under the data lines 171, and a 

plurahty of intersection semiconductors 155 located near tlie intersections of 
DCEs 176 and the storage electrodes 133c and 133d for ensu3*ing insulation 
therebetween. 

An ohmic contact layer 161, 163a, 163b, 165a and 165b preferably made 
20 of silicide or n+ hydrogenated amorphous silicon heavily doped with n type 

impurity is formed on the semiconductor layer 151a, 151b, 153 and 155. 

A data wii-e 171, 173a, 173b, 175a and 175b is formed on the ohmic 
contact layer 161, 163a, 163b, 165a and 165b and tiie gate insulating layer 140. 
The data v^re 171, 173a, 173b, 175a and 175b includes a plurality of data lines 171 
25 extending in the longitudinal direction and intersecting the gate lines 121 to form 

a plurality of pixels, a plurality of first source electrodes 173a branched from the 
data lines 171 and extending onto portions 163a of the ohmic contact layer, a 
plurality of first drain electrodes 175a disposed on portions 165a of the ohmic 
contact layer, located opposite the first source electrodes 173a wifli respect to tine 
30 first gate electrodes 123a aiid separated from the fii"st source electrodes 173a, a 

plurality of second source electrodes 173b and a plurality of second drain 
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electrodes 175b disposed on respective portions 163b and 165b opposite each 
otlier witli respect to tlie second gate electrodes 123b, and a plurality of data pads 
(not shown) connected to one ends of the data lines 171 to receive image signals 
from an external device. 
5 A plurality of DCEs 176 are formed in the pixel areas defined by the 

intersections of the gate lines 121 and the data lines 171. Each DCE 176 includes 
a plurality of X-shaped metal pieces connected to one another and is connected to 
the second drain electrode 175b. Hie data wire 171, 173a, 173b, 175a and 175b 
and the DCEs 176 are preferably made of Al, Cr or their alloys. Mo or Mo alloy. 

10 If necessary, the data wire 171, 173a, 173b, 175a and 175b and the DCEs 176 

include a first layer preferably made of Cr or Mo alloys having excellent physical 
and chemical characteristics and a second layer preferably made of Al or Ag 
alloys having low resistivity. 

A passivation layer 180 preferably made of silicon iiiti'ide or organic 

1 5 insulator is formed on tiie data wire 171, 173a, 173b, 175a and 175b. 

The passivation layer 180 is provided witli a plurality of contact holes 
181 exposing tlie first drain electrodes 175a, a pluraUty of contact holes 182 
extending to flie gate insulating la57er 140 and exposing the storage electiode 
lines 131, a plurality of contact holes 183 exposing the second source electi^odes 

20 173b, a plurality of contact holes (not shown) exposing the data pads, and a 

plurality of contact holes (not shown) extending to the gate insulating layer 140 
exposing the gate pads. The contact holes exposing the pads may have various 
shapes such as polygon or circle. The area of the contact hole is preferably equal 
to or larger than 0.5mmxl5]im and not leu'ger than 2mmx60 |mi. 

25 A plurality of pixel electrodes 190 are formed on the passivation layer 

180. Eacli pixel electrode 190 is connected to the first drain electrode 175a 
through the contact hole 181 and has a plurzility of X-shaped cutouts 191 and a 
plui'ality of linear cutouts 192. The X-shaped cutouts 191 overlap the X-shaped 
portions of the DCE 176 wliile the linear cutouts 192 overlap the thii-d and the 

30 fourth storage electrodes 133c and 133d. The DCE 176 broadly overlaps 
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peripheries of tiie cutouts 191 as well as the cutouts 191 themselves to form a 
storage capacitance along with tlie pixel electrode 190. 

A plurality of bridges 92 cormectiiig the storage electrode lines 131 and 
the second source electi'odes 173b through tiie contact holes 182 and 183 are also 
5 formed on the passivation layer. Furthermore, a pliu'ality of subsidiary gate 

pads (not shown) and a plurality of subsidiary data pads (not shown) are formed 
on the passivation layer 180. The subsidiary gate pads and the subsidiary data 
pads are connected to the gate pads and the data pads through the contact holes. 
Tlie pixel electrodes 190, tlie bridges 92, ttie subsidiary gate pads and the 
10 subsidiary data pads are preferably forined of indium zinc oxide (''IZO"). 

Alternatively, tlie pixel electrodes 190, tlie bridges 92 and the subsidiary pads are 
preferably made of indium tiii oxide ("ITO"). 

To summarize, each pixel electrode 190 has die plurality of cutouts 191 
and 192 for partitioning a pixel region into a plurality of domains, and the first 
15 cutouts 191 overlap the DCE 176 while the second cutouts 192 overlap die 

storage electi'odes 133c and 133d. The DCE 176 and die first cutouts 191 are 
aligned such diat the DCE 176 is exposed dirough the first cutouts 191 to be seen 
ill front view. The storage electi'ode line 131 and the DCE 176 are connected via 
the DCE TFT while die data line 171 and die pixel electi'ode 190 are connected via 
20 the pixel TFT, and die pixel electi'ode 190 and the DCE 176 are aligned to form a 

storage capacitance. 

According to anodier embodiment of die present invention, die DCEs 
176 include substantially die same layer as die gate wire 121, 123a and 123b. 
The portions of die passivation layer 180 on the DCEs 176 may be removed to 
25 form a plurality of openings. 

Tlie upper substrate 210 will now be described in detail. 

A black matrix 220 for preventing light leakage, a plm-ality of red, green 
and blue color filters 230, and a coimnon electrode 270 preferably made of a 
transparent conductor such as ITO or IZO are formed on an upper substrate 210 
30 preferably made of transpeirent insulating material such glass. 
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A plurality of liquid crystal molecules contained in the liquid crystal 
layer 3 is aligned sucli that their dii-ector is perpendicular to tlie lower and the 
upper substiates 110 and 210 iii absence of electric field. The liquid crystal layer 
3 has negative dielectric anisotropy. 
5 The lower substrate 110 and the upper substrate 210 are aligned sudi 

fliat ttie pixel electrodes 190 exactly match and overlap the color filters 230. In 
this way, a pixel region is divided into a plurality of domains by the cutouts 191 
and 192. The aligrunent of the liquid crystal layer 3 in each domain is stabilized 
by the DCE176. 

10 This embodiment illustrates the liquid crystal layer 3 having negative 

dielectric anisotropy and homeotropic alignment with respect to the substrates 
110 and 210. However, the liquid crystal layer 3 may have positive dielectric 
anisohopy and homogeneous alignment with respect to the substrates 110 and 
210. 

15 A metliod of manufactuiing a TFT array panel of an LCD having the 

above-described stinicture will be described. 

Figs. 3A to 3D are sectional views of a TFT array panel for an LCD 
sequentially illustrating a manufacturing metiiod tiiereof accorduig to a first 
embodiment of the present invention. 

20 Fu'st, as shown in Fig. 3A, a conductive layer preferably made of metal 

is deposited by sputtermg and either dry-etched or wet-etched by a first photo- 
etching step using a mask to form a gate wire and a storage electrode wire on a 
substrate 110. Tlie gate wire includes a plurality of gate lines 121, a plurality of 
gate pads (not shown) and a plurality of gate electrodes 123, and the storage wire 

25 includes a plurality of storage electrode lines 131 and a plurality of storage 

electrodes 133a-133d. 

As shown in Fig. 3B, a gate insulating layer 140 with 1,500-5,OOOA 
thickness, a hydrogenated sunorphous silicon layer with 500-2,000A thickness, 
and a doped amorphous silicon layer witii 300-600A tliickness are sequentially 

30 deposited by cliemical vapor deposition ("CVD''). Tlie doped amorphous 

silicon layer and die amorphous silicon layer are patterneei by a photo-etching 
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step using a mask to foim an ohmic contact layer 160a, 160b and 161 and an 
amorphous silicon layer 151a, 151b and 153. 

Tliereafter, as shown in Fig. 3C, a conductive layer with 1,500-3,OOOA 
thiclaiess preferably made of metal is deposited by sputtering and patterned by a 
5 photo-etcliing step using a mask to form a data wire and a plurality of DCEs 176. 

The data wire includes a plmahty of data lines 171, a plurality of source 
electrodes 173a and 173b, a plurality of drain electrodes 175a and 175b, and a 
plurality of data pads (not shown). 

Then, portions of flie ohmic contact layer 160a and 160b, which are not 

10 covered by the source electrodes 173a and 173b and the drain electi-odes 175a and 

175b, are removed such that an ohmic contact layer 163a, 163b, 165a and 165b 
iiicluding a plurality of separated portions is formed and portions of the 
semiconductor layer 153 between the souxce electrodes 173a and 173b and the 
drain electi-odes 175a and 175b are exposed. 

15 As shown in Fig. 3D, a passivation layer 180 is formed by coating an 

organic insulatiiig material having low dielech'ic constant and good planarization 
characteristic or by CVD of low dielectric insulating material such as SiOF or 
SiOC having a dielectiic constant equal to or less tlian 4.0. The passivation layer 
180 togetlier with the gate insulating layer 140 is patterned by a photo-etching 

20 step using a mask to form a plui'ality of contact holes 181, 182 and 183. 

Finally, as shown in Fig, 2A, an ITO layer or an IZO layer with thickness 
of 1500-500 A is deposited and photo-etched using a mask to form a plmality of 
pixel electrodes 190, a plurality of coraaecting bridges 92, a plurality of subsidiary 
gate pads (not shoxvn) and a plurality of subsidiary data pads (not shown). 

25 This technique is apphed to a manufacturing method using five masks 

as described above. However, the technique may be well adapted for a method 
of a TFT array panel for an LCD using four masks. It is described in detail vntli 
reference to the drawings. 

Fig. 4 is a layout view of a TFT array panel for an LCD accordiiig to a 

30 second embodiment of tlie present invention, and Fig. 5 is a sectional view of the 

TFT array panel showai Fig. 4 taken along the lines V-V and V'-V". 
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A TFT array panel for an LCD according to a second embodiment of the 
present invention is manufactured by using four masks and has a featui*e 
compared with a TFT array panel manufactured by using five masks, which wiU 
be described now. 

5 An ohmic contact layer 161, 163a, 163b, 165a, 165b and 168 forme d 

tmder a plurality of DCEs 176 and a data wire including a plurality of data lines 
171, a plurality of source electrodes 173a and 173b, a plurality of the drain 
electrodes 175a and 175b, and a plurality of data pads 179 has substantially the 
same shape as the data wire 171, 173a, 173b, 175a, 175b and 179 and flie DCEs 176. 

10 An amorphous silicon layer 151a, 151b, 153 and 158 has substantially the same 

shape as tlie data wire and flie DCEs 176 except tiiat channel portions between 
the source electrodes 173a and 173b and tlie drain electrodes 175a and 175b are 
coiuiected. Remaining structure is substantially the same as a TFT array panel 
manufactured by a five-mask process. 

15 Fig. 4 illustrates a gate pad 125, a storage pad 135 and a data pad 179 as 

well as a subsidiary gate pad 95, a subsidiary storage pad 99 and a subsidiary 
data pad 97. 

A method of manufacturing a TFT array panel will be now described. 
Figs. 6A to IIB are layout views and sectional views of a TFT array 
20 panel for aii LCD sequentially illustrating a manufacturing method thereof. 

First, as shown in Figs, 6A and 6B, Al, Ag, their alloys or the like is 
deposited and photo-etched to form a gate wire including a plurality of gate lines 
121, a plurality of gate pads 125 and a plurality of gate electrodes 123, and a 
storage electrode v^re 131 and 133a-133d. (First Mask) 
25 As shown m Fig. 7, a silicon nitride gate insulating layer 140 with 1,500- 

5,000 A thickness, an amorphous silicon layer 150 wiiii 500-2,000 A tliickness, 
and a contact layer 160 witli 300-600 A thickness are sequentially deposited by 
CVD. A conductive layer 170 preferably made of Al, Ag or tlieir alloys is 
deposited by preferably sputtering, and a photoresist fihn PR witii diickness of 1- 
30 2 microns is coated thereon. 
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Thereafter, \he photoresist fihn PR is exposed to light thi'ough a mask 
and is developed to form a photoresist pattern including a pltirality of first 
portions PRl and a plurality of second portions PR2 as shown in Figs. 8A and 8B. 
Each second portion PR2 of the photoresist pattern PRl and PR2 located on a 

5 chaimel area C of a TFT, which is placed between a source electrode 173a or 173b 

and a drain electrode 175a or 175b, is thicker tlian each fust portion PRl of flie 
photoresist pattern located on a data area A where a data wh-e will be fomied. 
All portions of tine photoresist film PR on the remaining areas B are removed. 
Here, tlie ratio of the thickness of the photoresist pattern PRl and PR2 on the 

10 channel area C and on the data area A is adjusted depending on process 

conditions of subsequent etching steps desci'ibed later, and it is preferable tliat 
tlie thickness of tlie second portion PR2 is equal to or less than a half of tliat of the 
fu-st portion PRl, for example, equal to or less than 4,000 A. (Second Mask) 

The position-dependent thickness of flie photoresist pattern is obtained 

15 by several techniques. A slit pattern, a lattice pattern or a b'anslucent film is 

provided on the mask in order to adjust tihe light transmittance in tlie area C. 

When using a slit pattern, it is preferable that width of the slits and a 
gap between the slits is smaller tiian the resolution of an exposer used for the 
photolithography. I n case of using a translucent film, thin films with different 

20 transmittances or different thickness may be used to adjust the transmittance on 

title masks. 

When a photoresist film is exposed to light through such a mask, 
polymers of a portion directly exposed to the light are almost completely 
decomposed, and those of a portion exposed to the light tlirough a sHt pattern or 

25 a translucent film are not completely decomposed because the amount of a light 

irradiation is small. Tlie polymers of a portion of the photoresist film blocked 
by a light-blocking film provided on the mask are hardly decomposed. After 
the photoresist film is developed, the portions containing the polymers, which 
are not decomposed, is left. At tliis tiiTie, the thickness of the portion witli less 

30 light exposure is fhiraier than that of tlie portion without light exposure. Since 
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too long exposure time decomposes all the molecules, it is necessaiy to adjust tlie 
exposm'e time. 

The small thickness of the second portion PR2 of the photoresist pattern 
may be obtained using reflow. That is, tiie photoresist film is made of a 

5 reflowable material and exposed to light through a normal mask having opaque 

and transparent portions. The photoresist film is tlien developed and subject to 
reflow such iiiat portions of the photoresist film flows down onto areas without 
photoresist, thereby forming thin portions. 

Next, tlie photoresist pattern PRl and PR2 and the imderl5ring layers 

10 including tiie conductive layer 170, tlie contact layer 160 and the semiconductor 

layer 150 are etched sudi that the data wire and the underlying layers are left on 
the data areas A, only the sexniconductor layer is left on tlie channel areas C, and 
aU tlie tliree layers 170, 160 and 150 are removed to expose tlie gate insulating 
layer 140 on the remaining areas B. 

15 First, as shown in Fig. 9, tiie exposed portions of tlie conductive layer 

170 on the other areas B are removed to expose tlie underlying portions of the 
contact layer 160. Botli dry etch and wet etch are selectively used in this step 
and preferably performed mider the condition that the conductive layer 170 is 
easily etched and tlie photoresist pattern PRl and PR2 are hardly etched. 

20 However, since it is hard to identify the above-described condition for dry etch, 

and the diy etch may be performed under the condition that the photoresist 
pattern PRl and PR2 and the conductive layer 170 are etched simultaneously. 
In this case, the second portions PR2 of the photoresist pattern on the diannel 
areas C for diy etch are preferably made to be thicker than those for the wet etch 

25 to prevent the removal of the second portions PR2 of the photoresist pattern on 

tlie channel areas C and thus the exposure of the miderlying portions of the 
conductive layer 170. 

As a result, as shown in Fig. 9, only tlie portions 171, 170a and 170b of 
the conductive layer 170 on tlie channel areas C and tlie data areas A are left and 

30 the portions of the conductive layer 170 on tlie remaining areas B are removed to 

expose the underlying portions of the contact layer 160. Here, the data-wire 
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conductors 171, 170a and 170b have substantially the same plai-iar shapes as [he 
data wire 171, 173a, 173b, 175a, 175b and 179 except that tlie source electi'odes 
173a and 173b and the drain electi'odes 175a aiid 175b are not disconnected from 
but connected to each other. When using dry etdi, tlie thickness of the 

5 photoresist pattern PRl and PR2 is reduced to aii extent. 

Next, as shown in Fig. 9, the exposed portions of the contact layer 160 
and the miderlying portions of the amorphous silicon layer 150 on the areas B as 
well as the second portions PR2 of the photoresist pattern on the channel areas C 
are removed by dry etch. The etching is performed under ttie condition tiiat the 

10 photoresist pattern PRl and PR2, tlie contact layer 160 and tl\e semiconductor 

layer 150 are easily etched and the gate uisulating layer 140 is hardly etched. (It 
is noted that etching selectivity between tlie intermediate layer and the 
semiconductor layer is nearly zero.) In particular, it is preferable that the 
etching ratios for tlie photoresist pattern PRl and PR2 and tlie semiconductor 

15 layer 150 ai*e nearly the same. For instance, the etched tliicknesses of the 

photoresist pattern PRl and PR2 and the semiconductor layer 150 can be nearly 
the same b)^ using a gas mixture of SFe and HCl, or a gas mixture of SFe and Oo. 
When tlie etching ratios for the photoresist pattern PRl and PR2 and for flie 
semiconductor pattern 150 are the same, the initial thickness of the second 

20 portions PR2 of the photoresist pattern on tlie cliaraiel areas C is equal to or less 

than the sum of the thickness of the semiconductor layer 150 and the thickness of 
the contact layer 160. 

Consequently, as shown in Fig. 10, the second portions PR2 of the 
photoresist pattern on the channel areas C are removed to expose tlie tmderlying 

25 portions of source/ drain ("S/D") conductors 170a and 170b, and the portions of 

tihe contact layer 160 and the semiconductor layer 150 on the remaining areas B 
are removed to expose the underlymg portions of the gate insulating layer 140. 
In the meantime, the first portions PRl of tlie photoresist pattern on the data 
areas A are also etched to become thinner. Moreover, the semiconductor 

30 pattern 151a, 151b, 153 and 158 is completed in tliis step. A plurality of ohniic 
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contacts 161, 160a, 160b and 168 are formed on the semiconductor pattern 151a, 
151b, 153 and 158. 

Then, photoresist remnants left on tlie surface of tiie S/D conductors 
170a and 170b on tiie channel areas C are removed by ashing. 
5 Next, as shown in Figs. 11 A and IIB, portions of tiie S/D conductors 

170a and 170b and the underlying portions of the S/D ohmic contacts 160a and 
160b on tlie channel areas C are etched to be removed. Here, the etching of both 
tlie S/D conductors 170a and 170b and the S/D ohjiciic contacts 160a and 160b 
may be done using only dry etching. Alternatively, tiie S/D conductors 170a 

10 and 170b are etched by wet etching and the S/D ohmic contacts 160a and 160b 

are etched by dry etching. In the former case, it is preferable to perform the 
etching tmder tlie condition tliat etching selectivity between the S/D conductors 
170a and 170b and the S/D ohmic contacts 160a and 160b is high. It is because 
the low etching selectivity makes the determination of the etching finish point 

15 difficult, tliereby causing iiie adjustment of the tliickness of tlie portions of the 

semiconductor pattern 151a and 151b left on the cliEuinel areas C to be difficult, 
hi the latter case alternate^ applying wet etching and dry etcliing, a stepwise 
lateral sidewall is formed since the wet etch etches tlie lateral sides of the S/D 
conductors 170a and 170b, while the dry etch hai'dly etches tlie lateral sides of the 

20 S/D ohmic contacts 160a and 160b. Examples of etching gases used for etching 

the S/D ohmic contacts 160a and 160b are a gas mixture of CF4 and HQ and a 
gas mixture of CF4 and O2. Use of the gas mixture of CF4 and O2 enables to obtain 
uniform thickness of etched portions of the semiconductor pattern 151a and 151b, 
In this regard, the exposed portions of the semiconductor pattern 151a and 151b 

25 are etched to have a reduced thickness, and tlie first portions PRl of tlie 

photoresist pattern on the data-wire areas A are also etched to have a reduced 
tliickness. This etcliing is performed under the condition that the gate 
insulating layer 140 is not etclied, and it is preferable tliat die photoresist pattern 
is tiiick enough to prevent tlie first portions PRl of tlie photoresist pattern on tlie 

30 data-wire areas A from being removed to expose the underlying portions of the 

data wii-e 171, 173a, 173b, 175a, 175b and 179. 
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Accordmgly, the source electiodes 173a and 173b and the dr£iin 
electrodes 175a and 175b are separated from each other, and, sinciultaneously, the 
data wire 171, 173a, 173b, 175a, 175b and 179 and the ohmic contact pattern 161, 
163a, 163b, 165a and 165b thereunder are completed. 
5 Finally, die first portions PRl of the photoresist pattern left on the data 

areas A are removed. Alternatively, the first portions PRl of iiie photoresist 
pattern on the data areas A are removed after the portions of tlie S/D conductors 
170a and 170b on the chamiel eireas C are removed and before the underlying 
portions of the S/D ohmic contacts 160a and 160b are removed. 

10 As described above, wet etching and dry etching may be performed one 

after tlie otlier, but only dry etcliing may be used. The latter is relatively simple 
but it is not easy to find a proper etcliing condition compared with the former. 
On the contrary, it is easy to find a proper etching condition for the former case 
but the former is relatively complicated compared witli \he latter. 

15 Thereafter, as shown in Figs. 4 and 5, a passivation layer 180 is formed 

by growing a-Si:C:0 or a-Si:0:F by CVD, by depositing silicon nitride, or by 
coating an organic insulating material such as aciyl-based material. When 
forming an a-Si:C:0 layer, SiH(CH3).v Si02(CH3)4, (SiH)404(CH3)4, Si(C2H50)4 or 
the like used as basic source, oxidant such as N2O or O2, and Ar or He are mixed 

20 in gaseous states to flow for the deposition. For an s-Si:0:F layer, flie deposition 

is perfoi-med witli flowing a gas mixture including S1H4, S1F4 or tiie like and an 
additional gas of O2. CF4 may be added as a secondary sotirce of fluorine. 

As shown in Figs. 4 and 5, tlie passivation layer 180 togetlier witli the 
gate insulating layer 140 is photo-etched to form a plurality of contact holes 181, 

25 182, 183, 184, 185 and 186 exposing the first drain electrodes 175a, the second 

source electrodes 173b, tlie storage electi'ode lines 131, tlie gate pads 125, tlie 
storage pads 135 and the data pads 179. It is preferable that the ai*ea of tlie 
contact holes 184, 185 and 186 exposing die pads 125, 179 and 135 is equal to or 
larger tlian 0.5mmxl5pm and not larger tlian 2mmx60pm. (Tliird Mask) 

30 Finally, an ITO layer or an IZO layer witJi a tiiickness of 1500-500A is 

deposited and photo-etched to form a plurality of pixel electrodes 190 connected 



wo 03/0961 14 PCT/KR02/01392 



to tlie di^aiii electi'odes 175, a plurality of subsidiary gate pads 95 connected to tlie 
gate pads 125, a plurality of subsidiary data pads 97 connected to tine data pads 
179, and a plurality of bridges 92 connecting tlie second source electrodes 173b 
and the storage electrode lines 131, (Fourth Mask) 
5 Since Cr etchant can be used as an etchant for an IZO layer, the exposed 

portions of the metal for the data wire and the gate wire through the contact 
holes aie not corroded in the photo-etcliing step for foraiing the pixel electrodes 
190, the subsidiary gate pads 95, the subsidiaiy data pads 97 and the bridges 92 
from the IZO layer. An example of the Cr etchant is 

10 (HN03/(NH4)2Ce(N03)6/H20). The IZO layer is deposited at temperature 

preferably in a range from a room temperattire to 200'*C for minimizing ifhe 
contact resistance at the contacts. A preferred example of a target for the IZO 
layer includes hi203 and ZnO. Hie content of ZnO is preferably in a range 
between 15 atcn% and 20 atm%. 

15 Meanwhile, niti'ogen gas is preferably used for tlie pre-heating process 

before the deposition of tlie ITO layer or the IZO layer. This is to prevent the 
formation of metal oxides on portions of the metallic layers exposed through tlie 
contact holes 181, 182, 183, 184, 185 and 186. 

Fig. 12 is a schematic diagram of the TFT array panels for an LCD 

20 shown in Figs. 2A and 4 according to an embodiment of the present invention. 

A TFT Tl connected to a data line 171 switches signals transmitted to a 
pixel electi'ode 190 while a TFT T2 connected to a storage electrode line switches 
signals entering a DCE 176. The pixel electrode 190 and the DCE 176 are 
capacitively coupled. For the scime gray, tiiere is no variation of the potential 

25 difference between tlie DCE 176 and the pixel electrode 190. Therefore, stability 

of image quality is ensured irrespective of inversion t5^es such as line inversion, 
dot inversion or the like. Furthermore, there is an advantage that there is no 
mcrease of the load of tiie data lines. 

Fig. 13 is a picture image on an LCD according to an embodiment of the 

30 present invention. 
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As shown ill Fig. 13, an LCD according to the present invention shows 
excellent image quality witii reduced unstable textures. 

Altliough prefen-ed embodiments of tlie present invention have been 
described in detail hereinabove, it should be clearly understood tliat many 
5 variations and/ or modifications of the basic inventive concepts herein taught 

which may appear to those skilled in the present art will still fall witliin the spirit 
and scope of the present invention, as defined in the appended clahns. 

As desaibed above, tiiiere is no variation of the potential difference 
between tine DCE 176 and tiie pixel electrode 190 for titie same giay, by making a 
10 TFT connected to a data line 171 switch signals transmitted to a pixel electrode 

190 while a TFT connected to a storage electrode line switch signals entermg a 
DCE 176 and by capacitively coupling the pixel electrode 190 and tiie DCE 176. 
Therefore, stability of image quality is ei-isured irrespective of inversion types 
such as line inversion, dot inversion or the like. Furthermore, tliere is an 
1 5 advantage diat there is no increase of tiie load of the data lines. 
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